Introduction
vulnerability to suppressor mutations. This plasmid was maintained until the final step of the screen whencounter-selection with 5'FOA created the fpr4 null status. Using standard selection methods, the spores 122 of this single cross were manipulated to generate three separate SGA screens that identified all synthetic 123 lethal/sick interactions with Dfpr3, with Dfpr4 and genes whose disruption only exacerbated fitness of 124 yeast lacking both Dfpr3Dfpr4.
125
We identified 456 and 138 genetic interactors that were unique to either FPR3 or FPR4, respectively, 126 revealing that these paralogs are not equivalent (Figure 1 C top) . However, 78 genes interacted with both 127 FPR3 and FPR4, implying that there are specific contexts of paralog co-operativity, that is situations 128 where both histone chaperone is required for function. We also uncovered 75 masked interactors, defined 129 as genes whose deletion only impacts the fitness Dfpr3Dfpr4 yeast ( The SWI/SNF and Ada2/Gcn5/Ada3 complexes are particularly important for the fitness of Dfpr3
171
and Dfpr4 yeast (Figure 1 D) . In support of a chromatin defect underlying these phenotypes, we found 172 that several genetic suppressors (Figure 3) We reasoned that if Fpr3 or Fpr4 were silencing the NTS regions via a mechanism that involves 278 chromatin structure, that yeast lacking these enzymes should also exhibit genomic instability at this locus. 279
To test this hypothesis, we introduced Dfpr3Dfpr4 and Dsir2 deletions into a strain with a reporter gene The resulting MAT a progeny were subsequently replica plated onto four kinds of selective media: 411 control media selective for the total haploid meiotic progeny population (SD media lacking histidine, 412
arginine, lysine and containing canavanine and thialysine both at a final concentration of 50mg/l, andselective for ∆xxx∆fpr4 haploid meiotic progeny (SD media lacking histidine, arginine, lysine, and 417 containing canavanine and thialysine both at a final concentration of 50mg/l, G418 and clonNAT both at 418 
SGA Data Processing 435
Specific, common and masked synthetic sick/lethal interactors were identified as follows. First, 436 duplicate genes from the list of hits from each dataset were identified and removed. The synthetic 437 sick/lethal hits from each of the three datasets were then compared to each other in order to identify 438 unique and common genes in each list. We thus identified a list of interactors unique to the xxx fpr3 439 meiotic progeny and a list of interactors unique the xxx fpr4 meiotic progeny. Hits present in both the xxx 440 fpr3 meiotic progeny and the xxx fpr4 meiotic progeny were identified as common interactors of FPR3 441 and FPR4. Hits that only appear in the xxxfpr3fpr4 meiotic progeny were identified as masked genetic 442 interactors. Unique, common and masked suppressor interactors were identified the same way. 443
The lists specific, common, and masked synthetic sick/lethal and suppressor genetic interactors were 444 subsequently analyzed using the web based FunSpec bioinformatics tool 445
(http://funspec.med.utoronto.ca/, Dec 2017). The analysis was performed using a p-value cutoff score ofinteractions were drawn using the Cytoscape software platform (http://www.cytoscape.org/). 449
Growth Curves 451
Growth curves to validate the synthetic sickness phenotypes were carried out as follows. Colonies 452 generated from the SGA assay corresponding to each triple mutant of interest and its respective control 453 colony were isolated and validated for correct genotype by PCR. Confirmed strain isolates were then 454 resuspended in fresh YPD media, normalized to an OD600 of 0.2 and distributed into triplicate wells of a 455 24 well cell culture plate. Plates were subsequently grown for 16h at 30ºC in a shaking plate reader. 456
Readings of OD600 were taken every 30 minutes. 457 458
RNA-Seq Library Preparation and Sequencing 459
Single colony isolates of each strain were grown to mid log phase in 50ml of liquid yeast extract-460 peptone-dextrose (YPD) media. Samples were then pelleted and washed once with sterile water before 461 being flash frozen in liquid nitrogen and stored for 16 hours at -80°C. Samples were thawed on ice, and 462 RNA was extracted using a phenol freeze based approach as previously described (Schmitt et al, 1990) . 463
The extracted RNA was subsequently treated with RNase-free DNase I (Thermo Fisher Scientific) 464 RNA samples were processed and sequenced at the BC Cancer agency Michael Smith Genome 465 Sciences Centre following standard operating protocols. Briefly, total RNA samples were ribo-depleated 466 using the Ribo-Zero Gold rRNA Removal Kit (Yeast) (Illumina) and analyzed on an Agilent 2100 467
Bioanalyzer using Agilent 6000 RNA Nano Kit (Agilent Technologies, Santa Clara, California). cDNA 468 was generated using the Superscript Double-Stranded cDNA Synthesis kit (ThermoFisher), 100bp 469 paired-end libraries prepared using the Paired-End Sample Prep Kit (Illumina, San Diego, California). 470
471

Processing of Sequencing Data 472
Sequenced paired-end reads were aligned to the sacCer3 reference genome 473 (https://www.ncbi.nlm.nih.gov/assembly/GCF_000146045.2/) using the BWA aligner (Li & Durbin, 474 2010) (version 0.6.1-r104-tpx). We observed that out of 5110 Saccharomyces cerevisiae genes annotated 475 in Ensembl v90 only 267 are spliced with and most of spliced genes (251) having one intron. Therefore, 476
we considered genomic alignment of RNA-seq reads as a good approximation for the yeast transcriptome 477
analysis. For every library total of ~1.5-2M reads were sequenced, of which ~75-95% of reads were 478 aligned.be placed unambiguously) by applying a BWA mapping quality threshold of 5. We further collapsed 481 fragments that were duplicated (only counting a single copy of a read pair if a number of pairs with the 482 same coordinates was sequenced) as well removed chastity failed reads and considered only reads that 483 were properly paired. Post-processing was performed using the 'pysam' application for python 484 (https://github.com/pysam-developers/pysam). The alignment statistics were calculated using the 485 'sambamba' tool v 0.5.5 5 (Tarasov et al, 2015) . 486 We considered cDNA fragment lengths distributions as well as genome-wide distributions of read 487 coverage (data not shown) in order to ensure that these characteristics are similar for the pairs of data 488 sets in the differential gene expression (DE) analysis. Genome wide pair-ended fragment coverage 489 profiles for both strands were generated as well as read counts for every gene for further DE analysis. In addition to the standard DE analysis, where gene expression quantification was done by counting 498 reads falling into the gene boundaries, we considered a model independent approach by calculating read 499 counts in every 175bp long bin genome wide (for both strands), and performed DE analysis between bins 500 (with the same approach we used for genes, see above). After defining the DE bins we overlapped their 501 locations with gene coordinates to determine DE genes. This second approach also provided a list of 502 potential DE expressed intergenic regions. A full list of the DE genes is presented in Appendix file 3. 503 504
Ontology analysis of DE genes 505
Ontologies associated with differentially expressed genes were identified using the web based 506
FunSpec bioinformatics tool (http://funspec.med.utoronto.ca/, Dec 2018). The analysis was performed 507 on genes displaying a fold change or 1.3 and up using a p-value cut-off score of 0.001, and with 508
Bonferroni-correction. A full list of the ontologies uncovered and their corresponding p values is 509 presented in Appendix file 4. 510 profiles genome wide for both strands using all aligned read-pairs. Next, we selected profiles for 514 individual genes and scaled them to 100 units and normalized by the total gene coverage. After that we 515 agglomerated all scaled and normalized gene coverage profiles together. When doing this, the profiles 516 for genes on the negative strand were inverted (in other words we always agglomerate profiles from 5' 517 to 3' of gene). 518
519
Spotting assays 520
The URA3 reporter expression spotting assays were performed in two biological replicates as 521 follows. Freshly grown single colony isolates of each strain were grown in liquid YPD media to mid log 522 phase Cells were subsequently collected, re-suspended in sterile water, and normalized to an OD600=1 523 (approximately 3x10 7 cells/ml). The normalized cell suspensions were subjected to 10-fold serial 524 dilutions and 4µl of each dilution was spotted onto standard SD-complete media, SD media without 525 uracil, and SD media with 5-FOA at a final concentration of 1000mg/L and uracil at a final concentration 526 of 50mg/L. Plates were incubated at 30°C and growth was analyzed after 48 hours. 527 528 rDNA Reporter Propagation Assays 529
The URA+ status of each reporter containing strain was first confirmed by growth on SD media 530 lacking uracil. Saturated overnights were then prepared from single colony isolates of each confirmed 531 strain in liquid YPD media. Cultures were prepared from the overnights in 50ml YPD media and grown 532 at 30ºC to mid log phase. Cells were subsequently collected, washed once, resuspended in sterile 533 deionized water, and normalized to an OD600=0.5. Normalized cell suspensions were subsequently 534 diluted 10-fold and 250µl of each dilution was plated on 25ml SD 5-FoA plates. Plates were incubated 535 at 30ºC for 16 hours. A total of 96 well-isolated colonies were randomly picked from each 5-FoA plate 536 using the Genetix QPix-2 colony picking robot and deposited onto non-selective solid YPD plates. Plates 537 were incubated for 5 days at 30ºC. All 96 colonies on each YPD plate were then replica plated onto SD 538 complete control media and SD media lacking uracil and incubated for 5 days at 30ºC before being 539 
